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A ltho ugh n u m e r o u shito che mic al studie s o n
ce ntral a nd pe riphe raln e rv o u stisu es ha v ebe e n
co ndu cted, a littleinfo r m atio n s a re a v ailable fo r
n e u r otr a n s mitte rs in the c a rp retin a, Which ha s




T he pr es e nt studyis o n e of o u r
atte mpts to classify retin al c ells histo che mic ally
inthe c arp
4)-7)
T he loc aliz ation and e ndoge n o u s con c e n
-
tratio n ofγ-amin obutyric a cid(G A B A), G A B A-
tr a n s a min a s e(G A B A- T) a nd G A B A-Synthe sizing
e n zym e.(G A D) w ere e xte nsiv ely in v e stigated
bio che mic a11y in the in v e rtebr ate a nd v e rtebr ate
r e､tin as
8)9)
. To study thelo c aliz atio n of G A B A
-
ergl C C ells, an uPtake m et hod ap plying e x oge n o u s
【3HトG A B Aw as e mployedlO)-1 4). T he se e a rlie r
e xperim e nts sho w ed that the r adio a ctiv e s ub-
Sta n C e W a Stake n up by allcla ss es ofr etin alc ells
in rats a nd r ab bits
,
a nd po ssibly a c c u m ulated
Pr edo min antly in M Ⅲ1e r c e11s. In the gold fish
retin a, ho w ev e r, [3HトG A B Aw a sfo u nd to be
lo aded in pa rtic ula r c ells
15)
. T he s ein cluded
exter n al a nd inte rn al ho riz o ntal c ells, a fe w c e11s
at the vi tr eal side of t he in n e r n u cle a rlaye r
(perI汐PS, a m a C rin e c ells), a nd so m e ganglio n
cells. Re c e ntly, M a r cet al.
1 6)
, fr o mtheir find-
1 ngSin t he tlPtake e xpe rim e nts with t he goldfish
retin a
,
COnCluded that p yriform a m a crine a nd
exter n al ho riz o ntal cells ap pe a rto be GA BA
-
e r由c.
A histo chemic al m ethod to investigate the
lo cal iz atio n of GA B A-T inc e ntr aln ervo u stissues




u sing a m ethod furthe r m odified fr o m the
O rlgln al te chniqu e of v a n Gelde r, Hyde a nd
Robinso n1 9) couldobs e rv ethe G A B A- T a ctivity
O nly in M 山1e r and photo r e c epto r c ells in the
r at r etin a. T he r efo r e
,
nO O n ehas dem o n strated
histoche mic ally the G A B A-T a ctivity in retinal
C e11s othe r tha n in M d ner and photore c eptor
C euS.
Materials and m ethods
T he r etin a s we reisolated fr o m c a rp (body
W eigh t, abo ut 7 0 0g), Which had be e n da rk-
adapted fo r l hr, a nd divi ded into 2-4 pie c es
u nde rdim light. To lo c aliz et he G A B A-T a ctivi-
ty, the ple C e S W e red al twith in a pro cedu re
similar to that of v an Gelde r1 7)18). A R inge r
solutio n(high Mg2+ a nd lo w C A2+) w a sused,
C O n Sisting of(g/1): NaCl(6.132), K Cl(0.26 8),
MgS O4(4.43 6), CaC12(0.0 29), NaIi C O3(1.8 9 9),
Na‡i2PO4 (0.0 1 2), 皿 d Na2H P O4 (0.0 5 7). Fo r
the sta nda rd in c ubatio n m ediu m , nic otin a mide
-
ade nine din u cle otide (N A D;8 mg), α -ketogluta-
r ate(3 0m g)a nd G A B A(4 0 0mg)w e re ad ded to
the Ringe r(1 0ml), While nitr oblue -tetr a ZOliu m
(N B T; 8 m g) w a sfirst diss olv ed in dim ethyl
S ulpho xide (0.8 ml) a nd the n ad ded to the
Ringe r (9.2 ml). If G A B A- T e xists in cells,
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it degrades GAB A takenup bythe c ellsfrom t he
incubation m ediu m. An inter mediate metabo-
1ite
,
SuC Cinic a cidse mialdehyde redu c es NA D to
N A D H. T he latter furthe r re acts with N BT,
for ming for ma z an depo sits, W hich c ould be
detected asb lu egranules(form a z anrea Ction)in
t he cells u nderlight mic r osc op y.
T he r etinalpieces werein c ubated in differ ent
m edia under differe nt c onditio ns depending
upo n e xperim ental pu rposes. M ost oft he m we re
incubated in a m ediu m co ntaining all the c o m-
PO nentS described above(t he standard m ediu m)
for 3 0 min at 3 7
0
c and pH 6.6-6 .9 u nder dim
light. For contr oI studies, how e v e r, GA B Aw as
O mitted fro m the m ediu m
.
To inhibit the
G A B A･T a ctivity, amino o xyac etic a cid(A O A A;
4 0 0 mg/1 0 ml) w as ad ded to the standard
inc ubatio n m edium .
A fte r inc ubatio n
,
the r etin al pie c es w ere
fixed in et hyl alc ohol(9 5%)for abo ut 3 hr, and
em bed ded inpa r am n . T he paraffin blocks w ere
SeCtio n ed radial 1y to 1 5 0r 2 0 pm thickn ess.
Pa raffin w as w ashed out from t he se ctio ns with
Xylen e, and then the se ctions we r e mo unted with
Ente丑an. So m e preparatio n s we re c o u nte r-
Stained wit hcarm ala u m o rm ethylgr e e n.
Re sdts
Fo r m a zan rea ctio n w a sdepe ndent o n m ediu m
PH, tem Per atu r e and G A B Ac o n c e ntr atio n.
Below pH 6.O n ofo rm a z a ndepo sitw ass e e n e v e n
Whe n the te mper atu r e w a s adequate and the
GA B Aconcentratio n w a ssuffipe nt(Se ebelow).
A bove pH 7.2, O n the othe r hand, fo rm az a n
d6posits ap pe a red e x clusively in photo r e c eptor
Cells a nd at the outer limiting m e mbra n e. T he
Opti血alpH wa sa ssu m ed to be a range Of 6.6-6.9
to get thepres ent Bndings(se ebelow). W he nthe
retina w a sin cubated at r oom te mpe r atu r e(2 2-
2 5
0
c) withsuffic e nt GA B Aat the optim al
PH, n O fo r m a za n-PO Sitive c e11s were obs e rv ed.
Neithe r didany re actio n o c cur■in the r etin al
pie c¢S Pre･heated at l O O
O
c for 1 5 min . In the
Pre S ent Series of e xperim ents, t he retin al tissue s
Were in cubated in t he sta ndard m ediu m (se e
Methods)at 3 7
O
c a nd pH 6.6-6.9.
Very faint fo rm azan -deposits w ere detectedh
retinalpieces which we r eincubated in a medium
C O ntaining of an t he co mpou nds(1isted in the
M ethods) except for G A B A(COntr OI prepa･
r ations). Whe n G A B Aw asad ded to the m ediu m
(1 0 0-3 00 mg/1 0 ml), the fo rm azan r e a ction was
Se en m ai nly in m ost photore c epto r a nd Miiller
C ells (including t he o ute r and inn e rlimiting
m em branes), and in so m ecells in t he am acrin e
and ganglio n c el1 1ayers. T he size of fo rm azan.
granules w aslarger in M 也Iler c ells t han in the
Other s. As the G A B Ac o nce ntratio n w as in.
Crea Sed(highe rt han4 0 0mg/1 0 ml), the fo r m･
aza n reactio n w a s e nhan ced in intensity and
ad ditio nal classe s of c ells (exter nal ho rizontal
and bipolar cells) becam e positiv e(Fig. 1). In
thesepr epar ations, the exte rn al horizont alcell
laye r w asdiffus ely po sitive, COntaining so m e
heavily stain ed c e11s, but the re a ctio n se e nin
bipola r c e11s w as alw ays weak a nd v a ried fr om
Pr ePa r ation to pr eparatio m. A m ac rin e cels
Whose pr o cesses show ed t he re a ctio n c o uld be
divided at least into tw o ty pes; Pear- andspindle･
Shaped(Fig･ 1 A､ a nd B)･ T he fo r m er has a single
Pr O C eSS eXtendinginto t he pro xim al halfpart of
the inn er ple xiform layer(IP L, St;atu m b), W 旭 e
thelatte rhasbilateralpro c ess s e e mingly branch･
ing dif fusely in t he I PL(stfata a and b). The
r atio of ce11n u mbe rs betw e e nthe pe ar-Shaped
and spindle
-Shaped am acrine cells wa s ap proxi･
m ately 5:1, eStim ated from their cellcou ntsin
r adial sections
.
Fu rt he rm or e, abo ut lO-20% of
S O-C alled am a crin e cells, W e r efo r m azan
-
POSitiv e
ftom estim atio n in radial and c o unterqst ain ed
SeCtio ns; t he v a riation in t he r atio s e e mingly
depe nds upon the are a c alculated. Ex ceptio n al
-
1y, 1a rge c e11s lo c ated in the mid le part of the
IP L beca m eform a z a n-PO Sitiv e. Their bilateral
Pr O C eSSe S W e r e u S u allylo ng(m oretha n 30 0pm).
Retin al tissu e s
, in c ubated pre viou sly in a
Ringe r s olutio n co ntaining AO A A(4 0 0mg/10
ml)for O.5-1 hr, Sho wed only a faint fo r m az an-
re a ctio n afte rthe standard in c ubatio n
,
indic ating
that A O A A la rgely inhibited the G A BA
-T
a ctivity･ Ho w e v er, the retin al tissu es, Pr eVio u sly
treated with A O A A, Sho wed a str o ng r e a ctio n
G A B A-T Activityin Ca rp Retin a 5()3
whe nthey w ere incubated in a mediu m c o ntain -
ing s uCCin ate(4 0 0m g/1 0ml)inste ad of GABA.
T his indicates that A O A A didnot inte rfe re
withfo rm az a n-for matio n from s u c cinate in t he
r 8tina.
D isc11∬io 皿
T he pre sent re s ults obtain edin the carp retina
are c o m monin r ats asfar asthe G A B A- T a ctivity
is positiv ein photor e c eptor and M 也1le r c ells
1 9)
.
Ho w e v e r, t he G A B A- T a ctivity w as fo u nd in a皿
classes of retin al c ellsin c arp, and【3H]- G A B A
w as､tak
e n up by allcellsin frogs
1 3)2 0)
. T here -
for e, the pres en c e of t he G A B A-T a ctivity
doe s n ot m ean t hese cells to be G A B A- e rgic.
Nev e rtheless, it might be signific ant that so m e
c ellsin ce rtain class es ofcells w ere found to be
G A B A- T positiv e in the pre se nt study. Fo r m-
a z an -deposits observ ed w ere str onge rin photo -
re cepto r, M iille r a nd am acrine cells tha n in
bipolar, eXte r n al horizont al and ganglion cells.
Altho ugh t he axon al te rminals of e xternal
horizo ntal c ells w e re show n to take up [3Hト
G A B A16), for maz a n-deposits co uld not be
detected in our preparation s, Sugge Sting that
the GA B A- T a ctivity might be w e ak in t he
t¢r m血 als
.
P hoto re cepto r c els wer efo u nd to e xhibit t he
G A B A-T a ctivity in carp. Vo ade n et al.
2 0)
de m o nstrated t hat 【
3
H]- G A BA w a stake n up
difusely by t he cell bodie s at the re c epto r c e皿
Iaye rin ffogs after 3 0- min in c ubatio n, al tho ugh
Othe rin v e stigators
l O)13) didnot describe s u ch a
phe n o m en on e ve n afte rlo nge rincubatio n s(l-4
hr). Ku riya m a et al. 8) a nd Graha rn9) show ed in
rabbits a nd frogs, reSPeCtiv ely, that t he e ndo -
gen ou s G A B Ac o n c e ntr atio n in t he photo -
re c eptor cell laye r w a s m u ch lo we rthan that of
the ot he r retinal laye rs. All t he above results
m ay indic ate that G A BA is m o r e rapidly de-
graded in photo r e c epto rstha nin the other c ells.
T he re as o n for t he pre s en c eof GA B A- T in
photo r ecepto r c ells (pr obably, C O n e S) m ay be
du e to the fact t hat the se c ells ap pe ar to be
PO StSynaPtic to e xternal horiz o ntal c ells, W hich
Wer e fo und to take up [
3
HトGA B A1 6) and
ass um ed to fun ctio n as afeed back system h
turtles2 1) and c a rp22)･ A lternately, G AB A m ay
be used sim ply as an ene rgysource in photo -
r eceptors.
T he pres e nt finding of form azan
-deposits in
SO m ebipola r c ellsis co ntradictory,be causethese
Cells are ge n e rally conside red to link ina direct
ex citato ry pathw ay to ga nglion cells2 3)24)
Ho wev er, there exists a possibility hat so m e
bipolar c ells are postsyn aptic to G A B A-e rglC
p yrifo rm a m a crine c ells
1 6)
Based o n the prese ntand earlierstudies6), the
r atio of t he n u mbers of G A B A-T positive,
a cetylcholin ester a se (Ach E一) positiv e a nd dopa-
min e rgic c e11s ca nbe estim ated in radialse ction;
thes e ce11s a re align ed at theinne r m o st borde rof
the in ner nuclea rlaye r. Ach E-PO Sitiv e am a crine
C e11s a r em o st abu nda nt a nd dopa minergic c ells
a re s m allest in n u mber. T he populatio n ratio of
Ach E-pO Sitive c ells: G A B A- T positiv e ce11s:
dopamin ergic cellsis ap pro xim ately3 5:1 5:1.
A class of a macrin e ce11s m orphological 1y
Sim 弘ar to the form azan -PO Sitivepear-Shaped cell
W aSdes cribed as
"
p yri fo rm
"
am a crin e cell in
Golgi-PreParatio ns by Pa rthe2 5). Acc o rding to
Fa miglietti et aL2
4) and Ma r c et al.1 6), thi$ Class
Of am a crine c ells fun ctional1y belo ngs to O N-
ce nt
.
e r ty pe and takes up [3HトG A B A. On
the othe rhand
,
S Om eform a za n-PO Sitiv ea m a crine
C ells had a spindle
-Shaped som a and bilate ral
Pr O Xim al pr o c ess e s, arbo rizing difusely in the
I P L. T his shape appe ar sto be similarto that of
O N- O F F ty pe of a m acrin e c ells m a rked withan
intracellula rly inje cted dye by Fa migliettiet
αエ24)･ M ill即 ef α′
.
2 る) sug gesting 丘om th 由
ele ctr ophysiological observ atio n in the 肋 cturu s
retin athatthere existat le a st tw o populatio n s of
a m a c rin e cells;O n e rel as e sG A B Aand the ot her
glycin e asinhibito ry n e u rotra nsmitters.
In the pre s e nt histoche mic al study, the
G A B A-T a ctivity w a sfou nd in al1cla ses of
r etinalc ells. Ho wev e r
,
Our findings of form a za n-
depo sitsin e xte rnal horizo ntalc e11s andin s om e
Ce11s at t he am acrin e and ga nglio n c e11layers
ap pe a rto be h harm ony wi the a rlier electr o-
physiologic15)2 2)2 6) and a uto r adiogr aphic1 5)r e-
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sults, S uggeStingthat t hese c eus are G A B A
･e rgic ･
To further as ce rt ain this a su mption, 1 mm un O
-
histo chemical 1ocal iz atio n of GAB A-Synt hesizing
e nzym e(G A D)27) w o uldbe val id.
Co n cln或o n
H isto che血icalst11dies w e r e c o ndu cted o n the
c arp (q′PrinuB C a岬io) retin a to r eveal the
cellula r､localization of t he gam m a -aminobutyric
acid tra ns amin as e(G A B A-T) activi ty in r adiaI
se ctio ns. Fo rm aza n- depo sits were fou nd inall
classes of retinal cells; they w e r e relativ ely
heavierin phot､Or
e CePtO r C ells(probabIy, C O n e S),
M iiueir Cells and so me a mac rin e c ells tha n in
e xte mal horizontal c e11s, b ipolar ce11s a nd a few
C ellsin the 甲nglion ce皿1aye r･ M o rphological 1y,
am a crin e c e11s showlng the G A B A
-T a ctivity
ap peared to belo ng to 2 subs ets; Pyrifor m a nd
fusiform am acrine c ells. T he fo rm er ha s asingle
pro cess e xte ndinginto the proxim al halfpart of
the inn e rple xifor mlayer, While the latte r sho w
-
ed l)ilat6ral proc e sse s e emingly a rborizing
dif fus ely in t he inner ple xifor m laye r･ T he
population r atio of G A B A
-T po sitivep yri for mto
fusifor m am a crine cells wa s appr o xim ately 5:1.
On the basis of ea rlie rfindings by us a nd others
in retinal studie s, SOm e fun ctional a spe cts of
G A B A-T positiv e c ens we r edis c us sed, a nd the
extem al ho rizontal c eils and s om e c ells in the
am a crin e and ganglio n c ell laye r$ Were aSSu m ed
to be G A B A- ergic.
Key w ords: CarP retin a, G A BA-T activity,
histo chemistry
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Fi訃Irelege11ds
Fig. 1. Lo c aliz ation of the G A B A
-T a ctivity.
P hotomic rographs ofradialsectionsfr o ma ret ina
inc ubated with G A B A(4 0 0m g/1 0 ml). A:
Co u nte rstain ed withc alm ala u m. Nu clei of c ells
ar estain ed pink in c olor. P hotore c eptor, bipola r
and a m a c rin e c ells a r e fo r maz a n-pO Sitiv e (a r-
r o w s). Two a m a c rin ece皿s ar es een in the c e nte r.
An am a c rin e c ell is pear- Shaped at the left(p)
a nd t he ot he ris spindle-Shaped at the right(s).
Up pe r and lo wer asterisks indicate the o uter
pIexifo r mlayer(OPL)a nd in n e rple xifo r mlaye r
(IPL), re SPe Ctiv ely. B: Tw o a m a crin e c e11s a re
PO Sitiv e. An a m a crin e c e11 is pe a r
- Shaped(1eft)
a nd the othe r spindleqshaped(right). T he form er
e xte nds a proxim alpr o ces sto str atu m a, While
t he latter has bilater al pro cesse s; O n e Se e m StO
e xte nd in stratu m a(a rr o w witha)and the othe r
rea che s str atu m b(a rr o w with b). T he o ute r a nd
in n erlimiting m e mbr a n es are als o fo r m a zan
-
POSitiv e;thelevels a re m arked withsolidcir cle s･
C: T he e xte rn al ho riz o ntal c e11 1ayerisdiffu sely
fo r m a z a n-PO Sitiv e (s olidsqu a re). Mdlle r c ells
(a rr o w wit h M)ar epo sitive withr elativ elylarge
gr a n ule s･ On ebipola r c ella nd tw o a macrin e c ells
a r e also detectable . D: On e c e1 lo c ated in the
ga nglio n cel1 1ayer is inte n sely po sitiv e(a rr o w
wit h G). T his is an exc eptio n al ca s e, be c a u s e
m o st c ells at t his le vela re w e akly po sitiv e. A , B,
C, D: ×6 5 0.
506 T. Hayashi& K. Negishi
鯉網膜 に おけ るギ ァ バ ァ ト ラ ン ス ア ミナ ー ゼ (G A 量主A ･T) 活性 の 組 織 化 学 的検索 : 金沢 大学医学部付属神経情報
研究施設情報伝達研究部門 林 俊治, 根岸晃 六 . 金沢 市, 920. 金沢 大学十全医学会維誌, 第9()巻 , 501 - 507
(昭和56年).
抄 歯 鯉網膜に お け る G A B A-T ナ副生の 局在 を, 縦断切片 ( 厚 さ15M20/J m) 標本 を用 い , 組織化学的に
検索し た . G A B A-T 活性 は光受容器細胞 (恐ら く錐体) と Mtiller 細胞の 大部分 , ア マ ク リ ン お よ び節細胞層
に 存在す る 一 群の 細胞に 見出さ れ た . ま た, 外水平細胞層お よ び少数の 双 極細胞に 軽度 な活性 が認 め ら ゎ た .
G A B A-T 活性を示 す ア マ ク リ ン細胞 は, 形 態的に 2種 に 区別 で き る . 1 つ は西 洋梨状の 細胞体 を呈 し, その 細
胞体よ り垂 直に 1本の 突起 を出 して 内網状層内半側部の み に 分 枝分布す るが , 他は紡錘状細胞体 を呈 し, それ か
ら横方向に 2本の 突起を伸 ば して 内網状層全域に 亘 っ て 分枝分 布 して い る . G A B A-T 陽性の 梨状お よ び紡錘状
ア マ ク リ ン 細胞の 密度比 は約 5 : 1 であ っ た . こ れ まで の 私美 ちお よ び 他研究者ら の 知見 に 基 づ き, GA BA･ T
活性 を示 す網膜細胞の 機能 を考察 し, 外水平細胞 と ア マ ク リ ン お よ び 節細胞層 に 存在 す る 鵬 群の 細胞が G AB A
を伝達物質 と して 用 い て い る と推定 した .
G A B A-T Activityin Ca rp Retina
Fig- 1･ Histo chemical Loc aliz atio n of G A B A-T a ctivity
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